Characterization of the 1,25-(OH)2D3-induced inhibition of bone nodule formation in long-term cultures of fetal rat calvaria cells.
We investigated the effects of 1,25-dihydroxyvitamin D3[1,25-(OH)2D3], on osteoprogenitor cell differentiation and bone nodule formation at various stages of differentiation by evaluating the effects on long term cultures of fetal rat calvaria (RC) cells. RC cells were plated at 3 x 10(4) cells/35-mm dish in alpha-minimal essential medium containing 15% fetal bovine serum, ascorbic acid, and beta-glycerophosphate (beta-GP), conditions under which bone nodules form. 1,25-(OH)2D3 inhibited bone nodule formation in a dose-dependent manner with total inhibition occurring at 1-10 nM and half-maximal inhibition occurring at approximately 0.06 nM. 1,25-(OH)2D3 also significantly stimulated RC cell growth in a dose-dependent manner in both the presence and absence of ascorbic acid. Addition of 1 nM 1,25-(OH)2D3 at different times after the start of culture inhibited nodule formation when added before and up to the early multilayering stage (up to day 11 of culture), but had no effect on nodule number when added later. When 1,25-(OH)2D3 was added at the start of the culture period and removed at the early multilayering stage, nodule formation was also inhibited. Pulses of 48-h duration also inhibited nodule formation, with maximal effect occurring between days 3 and 11. Thus, 1,25-(OH)2D3 inhibited osteoprogenitor cell differentiation during the earlier stages of culture before visible bone nodule formation occurred and the effect was not reversible upon removal of 1,25-(OH)2D3. In cultures grown to the multilayering stage in medium without ascorbic acid and beta-GP and then changed to medium with ascorbic acid and beta-GP, 1,25-(OH)2D3 inhibited when present before, but not after, the addition of ascorbic acid and beta-GP. Two other vitamin D3 metabolites, 24,25-dihydroxyvitamin D3 [24,25-(OH)2D3] and 1,24,25-trihydroxyvitamin D3 [1,24,25-(OH)3D3] had inhibitory effects similar to 1,25-(OH)2D3. The effects were dose dependent for each metabolite tested and correlated with the biological effectiveness of these metabolites in other systems: i.e. 1,25-(OH)2D3 was more effective than 1,24,25-(OH)3D3 which in turn was more effective than 24,25-(OH)2D3. The data show that 1,25-(OH)2D3 inhibits osteoprogenitor cell differentiation at an early stage and at a time during which cell growth is stimulated.